Hot water extracts of Ginkgo biloba seeds were analyzed for the presence of ginkgotoxin (4¢-O-methylpyridoxine) by reversed-phase liquid chromatography (LC) using methanol-0.05M KH 2 PO 4 (1 + 9, v/v) adjusted to pH 3 as mobile phase. Detection was by fluorescence (excitation 280 nm, emission 370 nm). A straight line calibration curve was obtained for the 10-100 ng injected. After addition of b-glucosidase (37°C/h), an earlier eluting peak disappeared and the ginkgotoxin peak increased. The identity of the ginkgotoxin was confirmed by LC/MS and LC/MS/MS. LC/MS/MS also confirmed the 5¢-glucoside by comparison with the 3-glucoside. This is the first identification of a glucoside of ginkgotoxin in Ginkgo biloba. An unknown compound of MW 267 also observed in the Ginkgo biloba seed extract was shown not to be 3,5¢-diacetylginkgotoxin by its different LC retention time. Extraction of ground Ginkgo biloba seeds with boiling water in a Soxhlet for 2´2 h yielded a total of 179 mg/g of free ginkgotoxin. The concentration in powder from Ginkgo biloba capsules was several times lower than this (17-64 mg/g) in 3 samples but higher in another (457 mg/g). Canned ginkgo seeds (white nuts) contained no detectable free ginkgotoxin but the glucoside was present. Different extraction times were studied: 0.5 h gave only 52 mg/g free ginkgotoxin in the ginkgo seeds. However, boiling an extract for 4 h showed about 15% loss of ginkgotoxin and its glucoside.
G inkgo biloba L. (maidenhair tree, Ginkgoaceae) has long been used for medicinal purposes (1) . Beneficial effects of extracts of Ginkgo biloba leaves in treatment of dementia of the Alzheimer type and age-associated memory impairment have been indicated in clinical trials (2) (3) (4) (5) (6) (7) . Dried leaf extracts in capsule form are widely sold. These are generally safe; however, there were 3 reports of bleeding in people taking Ginkgo preparations, although it is unknown whether these effects were coincidental (2) .
Toxicity of Ginkgo biloba seeds, on the other hand, has been known for hundreds of years in China and Japan (1, 8) . Symptoms of these human poisonings (gin-nan sitotoxism) are convulsions, loss of consciousness, and death (1, 2, 8, 9) . The responsible neurotoxin, 4′-O-methylpyridoxine (ginkgotoxin; Figure 1 ), was isolated from Ginkgo biloba seeds by Wada et al. (9, 10) . It is an anti-vitamin B 6 , and convulsions in laboratory animals can be prevented or stopped with pyridoxine (9) . The same compound has been isolated from seedpods of the paper bark tree Albizia tanganyicensis (11) .
Although Wada et al. (12) reported that ginkgotoxin was absent from Ginkgo biloba leaves, it has recently been found in the leaves (13) , which as noted above are the source of extracts used in commercial preparations. Levels of ginkgotoxin in Ginkgo seeds and leaves were determined to be <20 and <10 µg/g wet weight, respectively, with maximum concentrations found in samples collected in August, according to this report. Liquid extracts contained <10 µg/mL (13) . Ginkgotoxin can be extracted with hot water and determined by liquid chromatography (LC) with fluorescence detection (13) . However, the method was not validated nor have method recoveries been estimated. Because it is important to determine concentrations of ginkgotoxin in commercial preparations as well as in the seeds (white nuts), further method development was undertaken. By analogy with vitamin B 6 , which can exist to a major extent in fruits and vegetables (3-82% of the total vitamin) as 5′-O-($-D-glucopyranosyl)pyridoxine (14) , and because of the natural occurrence of the 3-O-$-D-glucoside of 4′-O-methylpyridoxine (ginkgotoxin) in Albizzia lucida and A. julibrissin (15, 16) , the effect of adding $-glucosidase to Gingko biloba seed extracts was also investigated. 
Experimental

Apparatus
Samples
Ginkgo biloba seeds were purchased as "white nuts" (raw and canned). These were shelled, crushed and air-dried before being powdered in a coffee mill. Four brands of Ginkgo biloba capsules had the following constituents (as declared on the label): (A) Ginkgo biloba extract, rice flour, and vegetable cellulose; (B) Ginkgo biloba leaves extract, dicalcium phosphate, and magnesium stearate-in a shell containing gelatin and purified water; (C) Ginkgo biloba leaves extract, cellulose gum, dibasic calcium phosphate, microcrystalline cellulose, stearic acid, and vegetable magnesium stearate; and (D) Ginkgo biloba leaf extract, gelatin, glycerin, and purified water. All capsules were stated to be standardized to 24% flavoglycosides (flavonol glycosides); brands B and C contained at least 10% quercetin and brand D 6% terpenes.
Extraction Procedure
Powdered seeds or powder (300 mg) poured from capsules was added in 3 portions to a thimble made of No. 52 filter paper placed in the micro Soxhlet apparatus, with 3-4 boiling chips added between each addition. Then 12.5 mL water was placed in the 25 mL flask attached to the Soxhlet and boiled for 2 h, the extract was saved, and the Soxhlet extraction repeated with an additional 12.5 mL water boiled for 2 h. (Note: the water must be replaced because of excessive bubbling after the first 2 h extraction.) The combined extracts were evaporated to ca 5 mL in a 500 mL round bottom flask under reduced pressure at 65°C, diluted to 10 mL with water, and an aliquot was filtered through a 0.45 µm nylon PP filter. One mL extract from raw seeds was treated with 32 units $-glucosidase at 37°C for 1 h to hydrolyze any ginkgotoxin glucoside present.
For glycerine-containing capsules (brand D), 1.8 g whole capsules were crushed with a spatula and extracted twice with 200 mL n-hexane-water (1 + 1, v/v) in a 500 mL Erlenmeyer flask at room temperature. The layers were separated in a separatory funnel. The combined aqueous extracts were evaporated in a 1 L round bottom flask under reduced pressure at 65°C to ca 50 mL, diluted to 100 mL with water, and an aliquot was filtered.
Preparation of 3,5¢-Diacetylginkgotoxin 3,5′-Diacetylginkgotoxin (15) was prepared for comparison with an unknown compound of the same molecular weight found in Ginkgo biloba seed extract.
Ginkgotoxin (0.4 mg) was reacted with 0.1 mL acetic anhydride and 0.1 mL pyridine for 24 h and the reagents were evaporated under a gentle stream of nitrogen.
LC Determination
Isocratic LC was performed at a flow rate of 0.6 mL/min on 10 µL injected sample extract. Detection was by fluorescence with excitation at 280 nm and emission wavelength of 370 nm. Measurements of ginkgotoxin at a retention time of ca 5.5 min in extract and standard solution (1 ng/µL) were by peak area. A straight line calibration curve was obtained for 10-100 ng ginkgotoxin injected.
LC/Mass Spectrometry (MS)
LC/MS was performed using an HP-1100 system incorporating an Aquasil C 18 (5 µm, 100 Å) 250 × 2 mm column (Keystone Scientific, Inc.) and a Micromass (Manchester, UK) Quattro II triple quadrupole tandem mass spectrometer.
LC mobile phases were A: water-0.1% formic acid (500 + 0.5, v/v), and B: methanol, with a linear gradient pro- gram of 20% B (held for 5 min), to 50% B over 10 min, then to 80% B over 5 min, held at 80% B for 10 min, and finally returned to 20% B; the formic acid was later omitted and a second Aquasil column (with specifications identical to the previous one) used when ginkgotoxin was confirmed in the Ginkgo biloba capsules. The flow rate was 0.2 mL/min.
The mass spectrometer was operated in electrospray ionization mode and in either positive ion or negative ion detection mode, with a capillary voltage of 3.5 KV (with the polarity identical to the mode of detection), cone voltage 25 V, and scanning mass range m/z 100-600. Flow rates for the drying gas and nebulizing gas were 450 and 17 L/h, respectively. The collision gas was Ar at a pressure of 2 × 10 -3 mbar and the collision energy was usually 12 or 15 eV. A Microsoft Windows NT 4.0 based MassLynx software package (Micromass, Manchester, UK) was used for instrument control, data acquisition, and processing. Single MS scans were acquired in centroid mode and MS/MS data were acquired in continuum mode.
Results and Discussion
As shown in Figure 2 , ginkgotoxin is readily detected and separated from other components of Ginkgo biloba seed and capsule extracts using reversed-phase LC. Fluorescence was previously used by Yagi et al. (17) and by Arenz et al. (13) for detection and determination of ginkgotoxin separated by LC on reversed-phase and anion exchange columns, respectively. The appearance of a second peak eluting faster than ginkgotoxin was observed (peak 1, Figure 2B disappearance of this peak and an increase in ginkgotoxin concentration ( Figure 2C ).
Electrospray mass spectrometry combined with reversed-phase LC was used to confirm the presence of ginkgotoxin in Ginkgo biloba seed and capsules. With the Aquasil C 18 column, the relative retention times of ginkgotoxin, ginkgotoxin 3-glucoside and 3,5′-diacetylginkgotoxin were 1, 0.44, and 1.48, respectively. The positive and negative ion mass spectra of these 3 standards are presented in Tables 1 and 2 
. In general, [M+H] + ions (m/z 184) and [M-H]
-ions (m/z 182) of ginkgotoxin (MW 183) are the most abundant ions in the positive ion and negative ion electrospray mass spectra of ginkgotoxin, respectively. Loss of methanol is the major fragmentation observed in both ion detection modes (produces m/z 152 and m/z 150, respectively). As exemplified in Figure 3 , the collision-induced dissociation (CID) mass spectrum ( Figure 3A The glucoside derivative with the sugar moiety attached to the hydroxyl group at the 3-position was used as a standard. It produces strong [M+H] + at m/z 346 in the positive ion electrospray mass spectrum (Table 1 ) and characteristic CID product ions at m/z 184 and 152 ( Figure 5A ). In addition to ginkgotoxin detected as an impurity in the ginkgotoxin 3-glucoside standard, there was another later eluting LC peak (retention time relative to ginkgotoxin, 0.73) with the same [M+H] + ion at m/z 346. The CID mass spectrum of that peak ( Figure 5B ) is identical to that from an equivalent LC peak ( Figure 2B mation would require an authentic standard, which is not presently available as this is a previously unknown compound. The glucoside of ginkgotoxin is structurally analogous to the naturally occurring vitamin B 6 glucoside, 5′-O-($-D-glucopyranosyl)pyridoxine (14) . This is the first report of a glucoside of ginkgotoxin from Ginkgo biloba and points to the need for total ginkgotoxin determinations to account for this compound.
In the LC/MS analysis of the Ginkgo biloba seed extract, an earlier eluting LC peak (retention time relative to ginkgotoxin 0.35 on the first Aquasil column used) was noticed that produced [M+H] + ion at m/z 268 ( Figure 6A ) and [M-H] -ion at m/z 266 in the electrospray mass spectra. This suggests the compound may have a molecular weight of 267 (confirmed by respective [M+Na] + and [2M-H] -ions). The identity of this compound is unknown. It was at first thought to be possibly 3,5′-diacetylginkgotoxin (MW 267), which is a known metabolite of Albizzia lucida (15) , although its polarity relative to ginkgotoxin was not as would be expected. The 3,5′-diacetylginkgotoxin was prepared by acetylation of ginkgotoxin (15) and was shown not to be the unknown compound from its greater retention time relative to that of ginkgotoxin (1.48), and by comparison of its CID spectrum of the m/z 268 ion with that of the unknown compound ( Figure 6 ). No metabolite of Ginkgo biloba with a molecular weight of 267 has been reported (1). As indicated by later LC/MS/MS experiments, the concentration of this unknown compound diminished in the Ginkgo biloba seed extract after about 8 months of storage.
The Aquasil column used in the LC/MS studies is designed for highly hydrophilic compounds and provided good separation of the compounds characterized in the Ginkgo biloba seed extract. However, there are 2 drawbacks to using this column. First, reproducibility of retention time is quite poor. For example, the retention time of ginkgotoxin ranged from 13.12 to 15.85 min on the first column used, although retention times relative to ginkgotoxin of ginkgotoxin 3-glucoside and ginkgotoxin 5′-glucoside remained constant at 0.43 ± 0.018 (n = 6) and 0.735 ± 0.008 (n = 6), respectively. Second, the addition of formic acid, a common practice in LC/MS to promote positive ion formation, changes column characteristics, which also affect retention times. Its use in the mobile phase with an Aquasil C 18 column is, therefore, not recommended.
Experiments to determine the efficiency of hot water for Soxhlet extraction of ginkgotoxin from powdered Ginkgo seeds showed that 0.5 h was insufficient time and that a minimum of 2.5 h was required (Table 3) . A total time of 4 h, carried out in 2 stages, was chosen to ensure complete extraction of the ginkgotoxin, and the analysis (Table 4) agreed well with the sum of the ginkgotoxin concentrations in 5 successive 0.5 h extracts (Table 3 ). The concentration was 3 times the 60 µg/g determined using the non-Soxhlet extraction procedure of Arenz et al. (13) , which consisted of heating 330-500 mg powdered seeds (or leaves) in 2 mL water at 100°C for 0.5 h. Additional ginkgotoxin formed with $-glucosidase increased the ginkgotoxin concentration in this extract from 179 to 308 µg/g (Table 4 ). Ginkgotoxin was not initially detected by LC-fluorescence in canned seeds, but a peak corresponding to the 5′-glucoside (confirmed by LC/MS) was observed. However, ginkgotoxin, but not the glucoside, was later identified by LC/MS/MS in the canned seeds extract, which had been stored for 8 months, and probably reflected hydrolysis of the glucoside during that time.
Boiled Ginkgo seeds used as food in Japan have been reported to contain only very low concentrations (about 1 µg/g) of ginkgotoxin (13) .
The stability of ginkgotoxin in the Ginkgo biloba seed extract was studied to ensure that losses were minimal during analysis. When the extract was refluxed in the Soxhlet flask for 4 h, losses of ginkgotoxin and glucoside were only 14-15%. A filtered extract kept at room temperature for 24 h showed no change in ginkgotoxin concentration and <4% increase in the glucoside concentration. However, an unfiltered extract kept at room temperature for 24 and 48 h showed, respectively, 32 and 97% loss of glucoside and 10 and 52% increase in the ginkgotoxin concentration, indicating the need for filtration before storage of extracts.
The Soxhlet extraction method was also applied to the analysis of Ginkgo biloba capsules (n = 1, Table 4 and Figure 2D) . Concentrations of free ginkgotoxin in samples of 3 brands ranged from 17 to 64 µg/g. It was necessary to analyze a fourth brand (containing glycerine) by extraction with water-n-hexane (1 + 1); a much higher concentration of ginkgotoxin (457 µg/g) was found ( Table 4) . Identity of ginkgotoxin in the extracts of the 4 brands of capsules was confirmed later (after 4-5 months storage at 4°C) by LC/MS and LC/MS/MS, as described above. The 5′-glucoside was only confirmed by LC/MS/MS in capsule brand B, which had the greatest amount in proportion to the ginkgotoxin as observed by LC-fluorescence ( Figure 2D ). It was not detected in capsule brand D and only very small peaks were observed by LC/MS in brands A and C, in accord with LC-fluorescence.
Studies to assess accuracy of the method by spiking Ginkgo biloba matrixes with ginkgotoxin were not performed. The exhaustive extraction and stability studies showed that the method was efficient. There was no cleanup procedure where the compounds could get lost and that could be tested for re- covery. Scarcity of standard ginkgotoxin, complete lack of ginkgotoxin 5′-glucoside, and the high natural levels of ginkgotoxin in the seeds and capsules were also factors in not determining method recoveries from spiking experiments at this time.
Our results indicate that further method validation and a full survey of commercially available Ginkgo biloba products for ginkgotoxin, both as the free compound and as the 5′-glucoside, are needed. Ginkgotoxin 5′-glucoside and additional ginkgotoxin should be isolated from Ginkgo biloba seeds for use as a standard and for toxicological studies. The toxicological importance of the glucoside is completely unknown.
